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DESCRIPTION 

PEAK POWER SUPRRESSOR AND PEAK POWER SUPPRESSING METHOD 

5 Technical Field 

[0001] The present invention relates to a peak power 
suppressing apparatus and peak power suppressing method 
for suppressing peak power of , for example, a multicarr ier 
signal . 

10 

Background Art 

[0002] Inrecent years, as a communication scheme capable 
of realizing high-speed radio transmission, a 
multicarrier scheme which is resistant to multipaths and 

15 fading draws attention. According to the multicarrier 
scheme, transmission signals superimposed on a plurality 
of carriers are generally added on the time axis, and 
therefore high peak power may be generated. To suppress 
the high peak power of such a multicarrier signal, 

20 processing called clipping which places an upper limit 
on the power may be carried out. 

[0003] FIG. 1 is a block diagram showing an example of 
the configuration of a general peak power suppressing 
apparatus that carries out peak suppression with clipping. 
25 In the peakpower suppressing apparatus in FIG. 1, clipping 
section 12 performs clipping on a modulation signal 
generated by modulation section 11. Filter section 13 
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performs band limitation on the modulation signal 
subjected to clipping. The band-limited modulation 
signal is subjected to digital /ana log conversion by 
digital /analog conversion section (D/A conversion 
5 section) 14, converted to a high-frequency signal by 
frequency conversion section 15, amplified by 
transmission amplification section 16 and transmitted 
by radio through antenna 17 (for example, see Non-Patent 
Document 1 ) . 

10 [0004] The above -de s cr ibed peak power suppressing 
apparatus limits peak power by performing clipping on 
the modulation signal (FIG. 2), and suppresses peak power 
while suppressing deterioration of a frequency spectrum 
by eliminating unnecessary out-of-band components 

15 generated by clipping through a filter. However, peak 
power exceeding an upper limit (threshold) of limited 
power can be re-generated as a result of the elimination 
of out-of-band components (FIG. 3) . 

[0005] There is a conventional peak power suppressing 
20 apparatus, for example, described in Patent Document 1 
aimed at reducing re-generated peak power and realizing 
a desired ratio of peak power to average power (peakfactor) . 
FIG. 4 is a block diagram showing an example of the 
configuration of this peak power suppressing apparatus. 
25 In the peak power suppressing apparatus in FIG. 4, envelope 
detection section 21 detects an envelope of an input signal, 
comparison section 22 compares a plurality of thresholds 



0 
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preset and stored in threshold setting section 23 with 
the envelope, and multiplier 25 multiplies the input 
signal by a suppression coefficient that corresponds to 
each threshold and is stored in coefficient setting 
5 section 24 . In this way, it is possible to control a peak 
factor and suppress unnecessary out-of-band radiation 
at the outputs of a filter and amplifier. 



Patent Document 1: Unexamined Japanese Patent 

10 Publication No. 2003-298549 (p8, FIG. 8) 

Non-Patent Document 1: "Effects of clipping and 
filtering on the performance of OFDM" , Li, Xiaodong, IEEE 
Communications Letters, Vol.2, No. 5, pp. 131-133, Mayl998 

15 Disclosure of Invention 

Problems to be Solved by the Invention 

[0006] However, the conventional peak power suppressing 
apparatus has the following problems. That is, in the 
conventional peak power suppressing apparatus, it is 

20 necessary to store a list of suppression coefficients 
as a table in a unified way so that a signal to be transmitted 
has a desired power characteristic. For this reason, if 
power limitation is placed on a signal having a large 
difference between peak power and threshold power with 

25 high accuracy, the size of the table becomes enormous. 
When a storage area of the table increases in accordance 
with this, the scale of the apparatus increases. However, 
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since there is a very low probability that power 
approximate to peak power may be generated as 
instantaneous power (for example, less than one 
hundred- thousandth to one millionth) , even if such a table 
5 is stored, the utilization efficiency of the storage area 
is low. 

[0007] Furthermore, the conventional peak power 
suppressing apparatus controls the peak factor with taken 
into consideration the input/output power characteristic 

10 in only the peak suppression processing stage. In other 
words, the conventional peak power suppressing apparatus 
does not control the peak factor with taken into 
consideration the input/output power characteristic in 
other processing stages. This results in an 

15 "insufficiently suppressed state" in which a maximum 
value of output power exceeds threshold power or an 
"excessively suppressed state" in which output power 
corresponding to input power exceeding the threshold 
power becomes smaller than the threshold power, and 

20 therefore it is not easy to realize a desired peak factor. 
[ 0008 ] It is therefore an object of the present invention 
to provide a peak power suppressing apparatus and peak 
power suppressing method capable of easily realizing a 
desired peak factor without increasing the scale of the 

25 apparatus and reducing the utilization efficiency of the 
storage area . 
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Means for Solving the Problem 

[0009] A peak power suppressing apparatus of the present 
invention has a suppression section that suppresses peak 
power of a transmission signal based on a predetermined 
5 suppression coefficient, a limiting section that limits 
a band of the transmission signal in which the peak power 
has been suppressed by the suppression section, a 
detection section that detects input power of the 
transmission signal inputted to the suppression section 

10 and output power of the transmission signal outputted 
from the limiting section respectively, a calculation 
section that calculates the amount of change of the 
suppression coefficient based on the detected input power 
and output power, and a change section that changes the 

15 suppression coefficient based on the calculated amount 
of change . 

[0010] A peak power suppressing method of the present 
invention has a suppression step of suppressing peak power 
of a transmission signal based on a predetermined 

20 suppression coefficient, a limiting step of limiting a 
band of the transmission signal in which the peak power 
has been suppressed in the suppression step, a detection 
step of detecting input power of the transmission signal 
before the peak power is suppressed in the suppression 

25 step and output power of the transmission signal after 
the band is limited in the limiting step respectively, 
a calculation step of calculating the amount of change 
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of the suppression coefficient based on the input power 
and output power detected in the detection step and a 
changing step of changing the suppression coefficient 
based on the amount of change calculated in the calculation 
5 s t ep . 

Advantageous Effect of the Invention 

[0011] According to the present invention, it is possible 
to realize a desired peak factor without increasing the 
10 scale of the apparatus and reducing the utilization 
efficiency of a storage area. 

Brief Description of Drawings 
[0012] 

15 FIG. 1 is a block diagram showing an example of the 

configuration of a conventional peak power suppressing 
apparatus; 

FIG. 2 illustrates an example of an output waveform 
of a clipping section at the conventional peak power 
20 suppressing apparatus; 

FIG. 3 illustrates an example of an output waveform 
of a filter section at the conventional peak power 
suppressing apparatus; 

FIG. 4 is a block diagram showing another example 
25 of the configuration of the conventional peak power 
suppressing apparatus; 

FIG. 5 is a block diagram showing the configuration 
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of a radio transmission apparatus according to Embodiment 
1 of the present invention; 

FIG. 6 is a block diagram of the modulation section 
of the radio transmission apparatus according to 
5 Embodiment 1 of the present invention; 

FIG. 7 is a block diagram showing the configuration 
of the clipping section of the radio transmission 
apparatus according to Embodiment 1 of the present 
invention ; 

10 FIG. 8 is a block diagram showing the configuration 

of the coefficient correction signal generation section 
of the radio transmission apparatus according to 
Embodiment 1 of the present invention; 

FIG. 9 is a block diagram showing the configuration 

15 of the coefficient correction control section of the radio 
transmission apparatus according to Embodiment 1 of the 
present invention; 

FIG. 10 is a block diagram showing the configuration 
of the coefficient setting section of the radio 

20 transmission apparatus according to Embodiment 1 of the 
present invention ; 

FIG. 11A illustrates an input/output power 
characteristic corresponding to the clipping section when 
a clipping coefficient in an initial state is used; 

25 FIG. 11B illustrates an input/output power 

characteristic corresponding to a combination of the 
clipping section and filter section when a clipping 
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coefficient in an initial state is used; 

FIG. 12A illustrates an input/output power 
characteristic corresponding to the clipping section when 
an optimum clipping coefficient is used; 
5 FIG. 12B illustrates an input/output power 

characteristic corresponding to a combination of the 
clipping section and filter section when an optimum 
clipping coefficient is used; 

FIG. 13 illustrates the input/output power 
10 characteristic corresponding to a combination of the 
clipping section and filter section when an 
insufficiently suppressed state is generated; 

FIG. 14 illustrates the input/output power 
characteristic corresponding to a combination of the 
15 clipping section and filter section when an excessively 
suppressed state is generated; 

FIG. 15 illustrates an input waveform of an OFDM 
signal inputted to the clipping section in Embodiment 
1 of the present invention; 
20 FIG. 16 illustrates an output waveform of an OFDM 

signal outputted from the clipping section in Embodiment 
1 of the present invention; 

FIG. 17 illustrates an output waveform of an OFDM 
signal outputted from the filter section in Embodiment 
25 1 of the present invention; 

FIG. 18 is a block diagram showing the configuration 
of a coefficient correction signal generation section 
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in a radio transmission apparatus according to Embodiment 
2 of the present invention; 

FIG. 19 is a block diagram showing the configuration 
of a modulation section of a radio transmission apparatus 
5 according to Embodiment 3 of the present invention; 

FIG. 20 is a block diagram showing the configuration 
of a modulation section of a radio transmission apparatus 
according to Embodiment 4 of the present invention; and 

FIG. 21 is a flow chart illustrating the clipping 
10 operation of a radio transmission apparatus according 
to Embodiment 5 of the present invention. 

Best Mode for Carrying Out the Invention 
[0013] Embodiments of the present invention will be 
15 explained below in detail with reference to the 

accompanying drawings . 
[0014] 

(Embodiment 1) 

FIG. 5 is a block diagram showing the configuration 
20 of a radio transmission apparatus to which a peak power 
suppressing apparatus according to Embodiment 1 of the 
present invention is applied. 

[0015] Radio transmission apparatus 100 in FIG. 5 is 
provided with modulation section 101 that modulates 
25 transmission data, clipping section 102 that performs 
clipping on the modulation signal based on a clipping 
coefficient, filter section 103 that has a plurality of 
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switchable input/output power characteristics and limits 
the band of the clipped modulation signal, D/A conversion 
section 104 that converts the band limited modulation 
signal from digital to analog, frequency conversion 
5 section 105 that converts the digital/analog converted 
modulation signal to a high-frequency signal, 
transmission amplification section 106 that amplifies 
the frequency converted modulation signal, coefficient 
setting section 108 that sets and changes a clipping 

10 coefficient used for clipping at clipping section 102, 
system switching section 109 that performs control based 
on the switching of the system (combination of modulation 
section 101 and filter section 103 in this embodiment), 
coefficient correction control section 110 that controls 

15 the execution and stop of correction of the clipping 
coefficient, and coefficient correction signal 
generation section 111 that detects input power of the 
modulation signal inputted to clipping section 102 and 
output power of the modulation signal outputted from 

20 filter section 103 and calculates the amount of correction 
of the clipping coefficient. 

[0016] Furthermore, FIG. 6 is a block diagram showing 
the internal configuration of modulation section 101. 
Modulation section 101 is provided with primary 
25 modulation section 121 that has a plurality of switchable 
modulation schemes, that is, a plurality of switchable 
input/output power characteristics and performs primary 
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modulation on transmission data, serial/parallel 
conversion section (S/P conversion section) 122 that 
converts the modulation signal obtained through primary 
modulation from serial to parallel, inverse discrete 
5 Fourier transform section (IDFT section) 123 that 
performs an inverse discrete Fourier transform on the 
serial/parallel converted modulation signal, 

parallel/serial conversion section (P/S conversion 
section) 124 that converts the modulation signal 

10 subjected to the inverse discrete Fourier transform from 
parallel to serial, guard interval addition section 125 
that adds a guard interval to the parallel/serial 
converted modulation signal, and ramp guard processing 
section 126 that performs predetermined ramp guard 

15 processing on the guard interval added to the modulation 
signal. That is, modulation section 101 of this 
embodiment generates an OFDM (Orthogonal Frequency 
Division Multiplex) signal. 

[0017] Furthermore, FIG. 7 is a block diagram showing 
20 the internal configuration of clipping section 102. 
Clipping section 102 is provided with power detection 
section 131 that detects input power of an OFDM signal 
inputted from modulation section 101, threshold storage 
section 132 that stores a predetermined threshold, first 
25 subtractor 133 that subtracts the threshold stored in 
threshold storage section 132 from the value of the input 
power detected by power detection section 131, first 
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multiplier 134 that calculates the product of the 
subtraction result of first subtractor 133 and the 
clipping coefficient inputted from coefficient setting 
section 108, second subtractor 135 that subtracts the 
5 multiplication result of first multiplier 134 from the 
threshold stored in threshold storage section 132, 
selector 136 that selects and outputs one of the input 
power detected by power detection section 131 and the 
subtraction result of second subtractor 135 according 

10 to whether the subtraction result of first subtractor 
133 is positive or negative (whether or not it is zero 
or greater in this embodiment), divider 137 that divides 
the output of selector 136 by the input power detected 
by power detection section 131, and second multiplier 

15 138 that multiplies the OFDM signal inputted from 
modulation section 101 by a weight which is the division 
result of divider 137. 

[0018] Furthermore, FIG. 8 is a block diagram showing 
the internal configuration of coefficient correction 

20 signal generation section 111. Coefficient correction 
signal generation section 111 is provided with first 
signal power detection section 141 that detects input 
power of the OFDM signal inputted from modulation section 
101, second signal power detection section 142 that 

25 corresponds to the OFDM signal and detects output power 
of the OFDM signal outputted from filter section 103, 
threshold storage section 143 that stores a predetermined 
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threshold, first subtractor 144 that subtracts the 
threshold stored in threshold storage section 143 from 
the input power detected by first signal power detection 
section 141, second subtractor 145 that subtracts the 
5 threshold stored in threshold storage section 143 from 
the output power detected by second signal power detection 
section 142, pos it ive /negative decision section 146 that 
decides whether the subtraction result of first 
subtractor 144 is positive or negative (whether or not 

10 it is greater than zero in this embodiment), divider 147 
that divides the subtraction result of second subtractor 
145 by the subtraction result of first subtractor 144 
when the subtraction result of first subtractor 144 is 
positive, big/small comparison section 148 that compares 

15 the division result of divider 147 with a maximum value 
stored in maximum value storage section 149, maximum value 
storage section 149 that stores the maximum value , maximum 
value setting section 150 that updates the maximum value 
with the division result when the division result of 

20 divider 147 is greater than the maximum value stored in 
maximum value storage section 149 and sets the maximum 
value, maximum value acquisition section 151 that 
acquires the maximum value stored in maximum value storage 
section 149 at predetermined time intervals, feedback 

25 coefficient storage section 152 that stores a 
predetermined feedback coefficient, multiplier 153 that 
multiplies the maximum value acquired by maximum value 
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acquisition section 151 by the feedback coefficient and 
outputs a clipping coefficient correction signal 
indicating this multiplication result to coefficient 
correction control section 110, and operation control 
5 section 154 that receives a stop signal inputted from 
coefficient correction control section 110, stops the 
operation of generating a clipping coefficient correction 
signal when the stop signal is received or executes the 
operation of generating a clipping coefficient correction 

10 signal when the stop signal is not received. 

[0019] Furthermore, FIG. 9 is a block diagram showing 
the internal configuration of coefficient correction 
control section 110. Coefficient correction control 
section 110 is provided with threshold storage section 

15 161 that stores a predetermined threshold, comparison 
section 162 that compares the clipping coefficient 
correction signal inputted from coefficient correction 
signal generation section 111 with the threshold stored 
in threshold storage section 161, counter 163 that counts 

20 the number of times the comparison result that the value 
indicated by the inputted clipping coefficient correction 
signal is smaller than the threshold is obtained and 
outputs a total value, decision section 164 that decides 
whether or not the output of counter 163 has exceeded 

25 a predetermined threshold and continuously outputs "1" 
when the output exceeds the threshold and "0" otherwise, 
timer section 166 that measures the time length during 
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which the output value of decision section 164 continues 
to be "1" and outputs "1" when the measured time length 
becomes a specified length or always outputs "0" otherwise, 
OR circuit 167 that outputs a logical sum of a stop 
5 instruction signal inputted from outside (indicating "1" 
or "0") and the output of decision section 164, reset 
section 165 that resets to "0" the value stored in counter 
163 and stop signal storage section 169 when the output 
of timer section 166 becomes x ' 1 " , stop signal storage 

10 section 169 that stores the output of OR circuit 167 and 
outputs it to coefficient correction signal generation 
section 111 as a stop signal (indicating "1" or "0"), 
zero signal generation section 168 that generates and 
outputs a zero signal, and selector 170 that selects the 

15 output of zero signal generation section 168 as a clipping 
coefficient correction signal when the output of stop 
signal storage section 169 is "1" or selects the clipping 
coefficient correction signal from coefficient 
correction signal generation section 111 when the output 

20 of stop signal storage section 169 is "0" and outputs 
the selected signal to coefficient setting section 108. 
[0020] Furthermore, FIG. 10 is a block diagram showing 
the internal configuration of coefficient setting section 
108. Coefficient setting section 108 is provided with 

25 clipping coefficient table storage section 181 that 
stores a list of clipping coefficients (initial values) 
calculated beforehand for combinations of individual 
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modulation schemes of modulation section 101 and 
individual input/output power characteristics of filter 
section 103 as a table, reads and outputs a clipping 
coefficient corresponding to a system switching signal 
5 inputted from system switching section 109 from the table, 
adder 182 that calculates and outputs the sum of the value 
stored in clipping coefficient storage section 184 and 
the value indicated by the clipping coefficient 
correction signal inputted from coefficient correction 

10 control section 110, selector 183 that selects the output 
of clipping coefficient table storage section 181 when 
a system switching signal is inputted from system 
switching section 109 or selects the output of adder 182 
otherwise, and clipping coefficient storage section 184 

15 that substitutes the selected value of selector 183 for 
the original value, stores the selected value, thereby 
updates the clipping coefficient and outputs the selected 
value to clipping section 102 as a clipping coefficient. 
[0021] Next, the operation of radio transmission 

20 apparatus 100 in the above-described configuration will 
be explained. First, the correction operation on a 
clipping coefficient will be explained. 

[0022] First, modulation section 101 generates an OFDM 
signal and inputs the signal to clipping section 102. 
25 At this time, first signal power detection section 141 
of coefficient correction signal generation section 111 
detects power of the OFDM signal when it is inputted 
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(hereinafter referred to as "instantaneous input power 
Pin") . 

[0023] On the other hand, power detection section 131 
of clipping section 102 at this time detects power of 
the OFDM signal when it is inputted (hereinafter referred 
to as "instantaneous input power P") . Instantaneous 
input power P and instantaneous input power Pin are 
substantially the same value. First subtractor 133 
calculates difference P-Pth between detected 
instantaneous input power P and threshold Pth stored in 
threshold storage section 132. First multiplier 134 
calculates the product of clipping coefficient a given 
from clipping coefficient storage section 184 in 
coefficient setting section 108 and difference P-Pth 
(hereinafter referred to as "amount of power correction 
Ap") according to (Equation 1) below. 

Ap=ax (P-Pth) ••• (Equation 1) 
[0024] Second subtractor 135 calculates correction 
power P' by subtracting amount of power correction Ap 
from threshold Pth using (Equation 2) below. 

P'=Pth-Ap (Equation 2) 

[0025] Selector 136 selects and outputs P' when 
difference P-Pth ^0, and P when difference P-Pth<0. 
Divider 137 calculates a weight by dividing the output 
of selector 136 by instantaneous input power P. Second 
multiplier 138 multiplies the OFDM signal inputted from 
modulation section 101 by the calculated weight. The OFDM 
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signal which is the multiplication result of second 
multiplier 138 is outputted to filter section 103. In 
this way, it is possible to obtain an effect equivalent 
to that obtained by clipping the power of the OFDM signal 
with the output value of selector 136. 

[0026] Filter section 103 limits the band of the OFDM 
signal inputted from clipping section 102 and thereby 
eliminates unnecessary out-of-band components generated 
during the clipping at clipping section 102. The 
band-limited OFDM signal is then outputted to D/A 
conversion section 104 . At this time, second signal power 
detection section 142 of coefficient correction signal 
generation section 111 detects power of the OFDM signal 
when it is outputted (hereinafter referred to as 
"instantaneous output power Pout") . 

[0027] In coefficient correction signal generation 
section 111, instantaneous input power Pin detected at 
first signal power detection section 141 is inputted to 
first subtractor 144 and instantaneous output power Pout 
detected at second signal power detection section 142 
is inputted to second subtractor 145. First subtractor 
144 calculates difference APin between instantaneous 
input power Pin and threshold Pth stored in threshold 
storage section 143 using (Equation 3) below. On the 
other hand, second subtractor 145 calculates difference 
APout between instantaneous output power Pout and 
threshold value Pth using (Equation 4) below. 



2F4210-PCT 19 

APin=Pin-Pth ■•■ (Equation 3) 
APout = Pout-Pth ••■ (Equation 4) 
[0028] Positive/negative decision section 146 decides 
whetherornot APin is apositive value. When it is decided 
positive, positive/negative decision section 146 makes 
divider 147 operate . Divider 147 divides the subtraction 
result of second subtractor 145 by the subtraction result 
of first subtractor 144 using (Equation 5) below. In this 
way, an insufficiently suppressed state and excessively 
suppressed state at clipping section 102 are detected. 
That is, the detected insufficiently suppressed state 
and excessively suppressed state are expressed as 
inclination components (hereinafter referred to as 
" inclination x") in the input/out put power characteristic 
corresponding to the combination of clipping section 102 
and filter section 103. Therefore, when the amount of 
correction corresponding to inclination x is calculated, 
it is possible to calculate clipping coefficient a such 
that these states are canceled. 

x = APout/APin ••■ (Equation 5) 
[0029] Big/small comparison section 148 then compares 
the value stored in maximum value storage section 149 
withinclinationx. Whenthe comparison result shows that 
inclination x is greater, maximum value setting section 
150 updates the value stored in maximum value storage 
section 149 to inclination x. By continuing such 
processing for a predetermined period, it is possible 
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to obtain maximum value y of inclination x within the 
predetermined period. Maximum value acquis ition section 
151 extracts maximum value y stored in maximum value 
storage section 149 at predetermined time intervals. 
5 Extracted maximum value y is multiplied at multiplier 
153 by predetermined feedback coefficient m stored in 
feedback coefficient storage section 152 according to 
(Equation 6) below. This multiplication result is the 
amount of correction of clipping coefficient a 
10 (hereinafter referred to as "amount of coefficient 
correction Aa") and the clipping coefficient correction 
signal indicating amount of coefficient correction Aa 
is outputted to coefficient correction control section 
110 . 

15 Aa=mxy ■•• (Equation 6) 

[0030] Coefficient correction control section 110 
performs coefficient correction control which will be 
described later on the clipping coefficient correction 
signal inputted from coefficient correction signal 

20 generation section 111 and outputs the clipping 
coefficient correction signal subjected to coefficient 
correction control to coefficient setting section 108. 
[ 0031 ] In coefficient setting section 108, adder 182 adds 
amount of coefficient correction Aa indicated by the 

25 clipping coefficient correction signal inputted from 
coefficient correction control section 110 to clipping 
coefficient a stored in clipping coefficient storage 
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section 184 according to (Equation 7) below to obtain 
new clipping coefficient a. When no system switching 
signal is inputted from system switching section 109, 
selector 183 selects clipping coefficient a as the 
5 addition result and outputs it to clipping coefficient 
storage section 184. When clipping coefficient a is 
inputted from selector 183, clipping coefficient storage 
section 184 updates clipping coefficient a stored so far 
with newly inputted clipping coefficient a and stores 

10 the inputted clipping coefficient a. At this time, 
clipping coefficient a inputted to clipping coefficient 
storage section 184 is outputted to first multiplier 134 
of clipping section 102 as an appropriate coefficient 
obtained through the coefficient correction operation. 

15 a + Aa = a •■■ (Equation 7) 

[0032] By carrying out update processing on clipping 
coefficient a, it is possible to simplify correction 
processing on clipping coefficient a which is repeatedly 
carried out, reduce the overall load of radio transmission 

20 apparatus 100 and correct clipping coefficient a with 
good response to changes over time of the input/output 
power characteristic corresponding to the combination 
of clipping section 102 and filter section 103. 
[0033] When a system switching signal is inputted from 

25 system switching section 109, clipping coefficient a 
corresponding to the information indicated by the system 
switching signal is inputted from clipping coefficient 
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table storage section 181 to selector 183. In this case, 
selector 183 selects clipping coefficient a inputted from 
clipping coefficient table storage section 181 and 
outputs it to clipping coefficient storage section 184. 
5 [0034] For example, when the modulation scheme in 
modulation section 101 is changed, the input/output power 
characteristic is switched accordingly. At this time, 
clipping coefficient a corresponding to the switched 
input/output power characteristic is selected. Thus, it 

10 is possible to correct clipping coefficient a with good 
response to switching of the input/output power 
characteristic due to the change in the modulation scheme . 
Furthermore, when, for example, the input/output power 
characteristic of filter section 103 is switched, 

15 clipping coefficient a corresponding to the switched 
input/output power characteristic is also selected. 
Thus, it is possible to correct clipping coefficient a 
with good response to switching of the input/output power 
characteristic of filter section 103. 

20 [0035] By the abo ve - de s c r ibed coefficient correction, 
the clipping coefficient is optimized and appropriate 
clipping is performed. This will be more clearly 
. understandable when explained using the input/output 
power characteristic diagram of the OFDM signal. 

25 Hereinafter, a case where a clipping coefficient is 
corrected from an initial value (a=0) to an optimum value 
will be explained. 
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[0036] When clipping coefficient a is an initial state, 
that is, 0, clipping section 102 performs power limitation 
at a fixed clipping level (threshold Pth) , and therefore 
in the input/output power characteristic corresponding 
5 to clipping section 102, correction power P' of the OFDM 
signal outputted to filter section 103 when instantaneous 
input power P exceeds threshold Pth is constant at Pth 
(FIG. 11A) . 

[0037] At this time, in the input/output power 
10 characteristic corresponding to the combination of 
clipping section 102 and filter section 103, an 
inclination component (here, referred to as "inclination 
k") is generated in an area where instantaneous input 
power P exceeds threshold Pth as shown in FIG. 11B. This 
15 inclination k expresses the power component re-generated 
by filter section (part or whole of the power component 
suppressed by clipping section 102). 

[0038] To deal with this, coefficient correction signal 
generation section 111 detects inclination k, and thereby 

20 calculates amount of coefficient correction Aa so as to 
cancel this and coefficient setting section 108 
calculates next clipping coefficient a (=0+Aa) . Optimum 
clipping coefficient a is calculated by repeating 
correction of clipping coefficient a in this way. 

25 [0039] When optimum clipping coefficient a is calculated, 
the input/output power characteristic before and after 
clipping section 102 has a component having an inclination 
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in a direction opposite to inclination k (hereinafter 
referred to as "inclination k'") in an area where 
instantaneous input power P exceeds threshold value Pth 
as shown in FIG. 12A. 
5 [0040] With regard to this inclination k' , it is 
preferable that k'=-k. In this case, even when the power 
component is re-generated at filter section 103 as a result 
of filtering processing, k+k'=0, and therefore in the 
input/output power characteristic corresponding to the 

10 combination of clipping section 102 and filter section 
103, instantaneous output power Pout has a level 
equivalent to threshold Pth in an area where instantaneous 
input power P exceeds threshold Pth (FIG. 12B). 
[ 004 1 ] Furthermore, with regard to inclination k, there 

15 is a case where generated inclination k has a positive 
value and a case where it has a negative value. As shown 
in FIG. 13, inclination k having a positive value indicates 
that the current value of clipping coefficient a is smaller 
than an opt imum value , that is, the amount of suppression 

20 is insufficient. Furthermore, the absolute value of 
inclination k expresses the degree of the insufficiently 
suppressed state and is proportional to the difference 
between the current value and optimum value 
(corresponding to a shortfall of the coefficient) . On 

25 the other hand, as shown in FIG. 14, inclination k having 
a negative value indicates that the current value of 
clipping coefficient a is greater than an optimum value, 
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that is, the amount of suppression is excessive. 
Furthermore, the absolute value of inclination k 
expresses the degree of the excessive suppression state 
and is proportional to divergence between the current 
5 value and optimum value (corresponding to an excess of 
the coefficient) . 

[0042] Therefore, clipping coefficient a is 

approximated to an optimum value by carrying out the 
above-described coefficient correction. In this 

10 embodiment, amount of coefficient correction Aa is 
calculated by multiplying the maximum value of detected 
inclination k by predetermined feedback coefficient m. 
That is, feedback coefficient m is set to a value so as 
to make clipping coefficient a approximate to the optimum 

15 value from detected inclination k. 

[0043] Next, a waveform variation of the OFDM signal when 
clipping coefficient a is optimized and appropriate 
clipping is performed will be explained. Suppose the OFDM 
signal generated by modulation section 101 partially has 

20 an instantaneous input power P which exceeds threshold 
Pth (peak power) on the time axis as shown in FIG. 15. 
At this time, clipping section 102 performs clipping on 
the portion exceeding threshold Pth on the time axis (in 
other words, time at which instantaneous input power P 

25 exceeds threshold Pth) . As a result of this clipping, 
as shown in FIG. 16, this portion has power of Pth-Ap 
(that is, power smaller than threshold Pth). The OFDM 
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signal after clipping is subjected to band limitation. 
The amount of power correction Ap takes into consideration 
the magnitude of the power component re-generated at 
filter section 103. Therefore, even when the power 
5 component is re-generated as a result of the filtering 
processing at filter section 103, instantaneous output 
power Pout of the portion exceeding threshold Pth finally 
becomes substantially equal to threshold Pth (FIG. 17) . 
[0044] Next, coefficient correction control at 

10 coefficient correction control section 110 will be 
explained . 

[0045] First, the clipping coefficient correction 
signal generated at coefficient correction signal 
generation section 111 is inputted to comparison section 

15 162 and selector 170. Comparison section 162 compares 
amount of coefficient correction Aa indicated in the 
clipping coefficient correction signal with threshold 
ath stored in threshold storage section 161. As a result 
of the comparison, " 1 " is outputted when Aa<ath, and "0" 

20 is outputted when AaSath. Counter 163 counts the output 
value of comparison section 162 and outputs the total 
value . 

[0046] Decision section 164 decides whether or not the 
output of counter 163 has exceeded a specified threshold. 
25 When the decision result shows that the output of counter 
163 has exceeded the specified threshold, the duration 
time is measured at timer section 166. When the measured 
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duration time reaches a specified time, that information 
is reported to stop signal storage section 169 through 
OR circuit 167 and is also reported to selector 170. In 
this case, selector 170 selects a zero signal from zero 
5 signal generation section 168 instead of the inputted 
clipping coefficient correction signal and outputs this 
to coefficient setting section 108 as a clipping 
coefficient correction signal. That is, when amount of 
coefficient correction Aa stably keeps a low level state 

10 over a specified time, the value of amount of coefficient 
correction Aa is set to 0. By this means, clipping 
coefficient a is not corrected. Therefore, when clipping 
coefficient a is stable with high accuracy, it is possible 
to stop the correction processing on clipping coefficient 

15 a and suppress overall power consumption of radio 
transmission apparatus 100. 

[0047] When a stop instruction signal is inputted from 
outside, the information is reported to stop signal 
storage section 169 through OR circuit 167 and also 
20 reported to selector 170. The subsequent operations are 
the same as those described above. 

[0048] Furthermore, when the above-described report 
from OR circuit 167 to stop signal storage section 169 
is generated, stop signal storage section 169 outputs 
25 the stop signal to coefficient correction signal 
generation section 111. The stop signal is a signal for 
stopping a clipping coefficient correction signal 
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generation operation of coefficient correction signal 
generation section 111. The stop signal is received by 
operation control section 154 of coefficient correction 
signal generation section 111 and at this time, operation 
5 control section 154 stops the above-described clipping 
coefficient correction signal generation operation. In 
this way, it is possible to stop calculation of amount 
of change in coefficient Aa at a desired timing and 
consequently stop the correction processing on clipping 
10 coefficient a and suppress overall power consumption of 
radio transmission apparatus 100. 

[0049] Ontheotherhand, when the above -described report 
from OR circuit 167 to stop signal storage section 169 
is not generated, amount of coefficient correction Aa 

15 is recognized to be unstable in a low level state. 
Therefore, the stop signal is not outputted by stop signal 
storage section 169 and the clipping coefficient 
correction signal generation operation is executed at 
coefficient correction signal generation section 111. 

20 Furthermore, selector 170 of coefficient correction 
control section 110 outputs the clipping coefficient 
correction signal inputted from coefficient correction 
signal generation section 111 to coefficient setting 
section 108 as is. 

25 [0050] As shown above, according to this embodiment, 
amount of coefficient correction Aa of clipping 
coefficient a is calculated based on instantaneous input 
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power P (Pin) and instantaneous output power Pout, and 
therefore the enormous table for suppression coefficients 
is not needed, and it is possible to perform peak factor 
control with taken into consideration the input/output 
5 power characteristic corresponding to the combination 
of clipping section 102 and filter section 103, and use 
clipping coefficient a based on instantaneous input power 
P (Pin) and instantaneous output power Pout which are 
instantaneous actual measurement values and thereby 
10 easily realize a desired peak factor without increasing 
the scale of the apparatus and reducing the utilization 
efficiency of the storage area. 

[0051] With regard to a calculation of a power difference, 
dB may be used as the unit or calculations using linear 

15 value may also be carried out. 

[0052] Furthermore, transmission data to be processed 
may be a simple symbol string or code division multiple 
access (CDMA) signal. 
[0053] 

20 (Embodiment 2) 

FIG. 18 is a block diagram showing the configuration 
of a coefficient correction signal generation section 
in a radio transmission apparatus according to Embodiment 
2 of the present invention. The radio transmission 

25 apparatus explained in this embodiment has the same basic 
configuration as that of the radio transmission apparatus 
in FIG. 5 explained in Embodiment 1. Furthermore, the 
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coefficient correction signal generation section of this 
embodiment also has a basic configuration similar to that 
explained in Embodiment 1. Therefore, the same 
components as or components corresponding to those 
5 explained in Embodiment 1 are assigned the same reference 
numerals without further explanations. 

[0054 ] Coefficient correction signal generation section 
111 in FIG. 18 is provided with first signal power detection 
section 141, second signal power detection section 142, 

10 threshold storage section 143, first subtractor 144, 
second subtractor 145, feedback coefficient storage 
section 152, multiplier 153 and operation control section 
154 explained in Embodiment 1. In addition to these 
components, coefficient correction signal generation 

15 section 111 is also provided with range setting section 
203 that stores a preset power range, compaxison section 
201 that compares a subtraction result of first subtractor 
144 with the power range and thereby decides whether or 
not the subtraction result falls within the power range, 

20 big/small comparison section 202 that compares a value 
corresponding to the subtraction result of first 
subtractor 144 out of values stored in maximum value 
storage section 2 04 with the subtraction result of second 
subtractor 145, maximum value setting section 206 that 

25 updates the value of maximum value storage section 204 
corresponding to the subtraction result of first 
subtractor 144 when the comparison result from big/small 
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comparison section 202 shows that the subtraction result 
of second subtractor 145 is greater, maximum va 1 ue storage 
section 204 that stores a maximum value of the subtraction 
result of second subtractor 145 in association with the 
5 subtraction result of first subtractor 144 as a table, 
and linear approximation section 205 that performs linear 
approximation on the values stored in maximum value 
storage section 2 04 at predetermined time intervals. 
[0055] Next, the clipping coefficient correction signal 
10 generation operation at coefficient correction signal 
generation section 111 in the above-described 
configuration will be explained. 

[0056] The power range stored in range setting section 
203 is preset to such a value that it is possible to decide 

15 whether or not instantaneous input power Pin has a value 
which has relatively high frequency of appearance. In 
this case, when instantaneous input power Pin has a value 
which has relatively high frequency of appearance, 
difference APin which is the subtraction result of first 

20 subtractor 144 belongs to its power range. By this means, 
it is possible to target only the power range having a 
relatively high frequency of appearance for calculations 
of the amount of change in coefficient Aa and save power 
for calculation processing. 

25 [0057] Furthermore, linear approximation section 205 
performs linear approximation to a value stored in maximum 
value storage section 204 . By this linear approximation, 
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an insufficiently suppressed state and excessively 
suppressed state are calculated as an inclination 
component (that is, inclination y) of a linear function. 
One example of the method of linear approximation is a 
5 method of least squares, but the method is not limited 
to this . 

[0058] Thus, according to this embodiment, an 

insufficiently suppressed state and excessively 
suppressed state are subjected to linear approximation, 
10 and therefore it is possible to efficiently derive 
appropriate clipping coefficient a from results of the 
linear approximation (inclination y) . 

[0059] The transmission data to be processed may be a 
simple symbol string or a code division multiple access 
15 (CDMA) signal. 
[0060] 

(Embodiment 3) 

FIG. 19 is a block diagram showing the configuration 
of a modulation section of a radio transmission apparatus 

20 according to Embodiment 3 of the present invention. The 
radio transmission apparatus according to this embodiment 
has the same basic configuration as the radio transmission 
apparatus in FIG . 5 explained in Embodiment 1 . Therefore , 
the same components as or components corresponding to 

25 those explained in FIG. 5 are assigned the same reference 
numerals without further explanations. 

[0061] Modulation section 101 in FIG. 19 is provided with 
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S/P conversion section 301 that converts transmission 
data which is serial data to one or more (assumed to be 
n in this embodiment) parallel data, spreading sections 

302- 1, 302-2 , 302-3, 302-n that perform spreading 
5 processing on individual parallel data in the 

transmission data, modulators 303-1, 303-2 , 303-3, 

303- n that perform modulation processing on the spreading 
processing results by the respective spreading sections 
302-1 to 302-n and combination section 304 that combines 

10 the modulation results from respective modulators 303-1 
to 303-n. 

[0062] In modulation section 101 having the 

above-described configuration, transmission data 
converted to parallel data are spread by spreading 

15 sections 302-1 to 302-n and signal bandwidths of the 
respective parallel data are thereby broadened. 
Respective modulators 303-1 to 303-n modulate signals 
having different frequencies with the outputs of 
respective spreading sections 302-1 to 302-n. 

20 Combination section 304 combines the modulation results 
and outputs the combined signal to clipping section 102 
as a direct sequence multicarrier signal. 
[0063] Thus, according to this embodiment, when a direct 
sequence multicarrier signal having a large peak factor 

25 is transmitted by radio, it is possible to easily realize 
a desired peak factor. 

[0064] Furthermore, transmission data to be processed 
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may be a simple symbol string or code division multiple 

access (CDMA) signal. 

[0065] 

( Embodiment 4 ) 

5 FIG. 20 is a block diagram showing the configuration 

of a modulation section of radio transmission apparatus 
according to Embodiment 4 of the present invention. The 
radio transmission apparatus in this embodiment has the 
same basic configuration as that of the radio transmission 

10 apparatus in FIG . 5 explained in Embodiment 1 . Therefore, 
the same components as or components corresponding to 
those explained in Embodiment 1 are assigned the same 
reference numerals without further explanations. 
[ 0066] Modulation section 101 in FIG. 20 is provided with 

15 S/P conversion section 401 that converts transmission 
data which is serial data to one or more (assumed to be 
n in this embodiment) parallel data, modulators 402-1, 
402-2 , 402-3, ... , 4 0 2 - n t ha t pe r f o rm modul a t i on p r oce s s ing 
on individual parallel data of the transmission data and 

20 combination section 403 that combines the modulation 
results from respective modulators 402-1 to 402-n. 
[0067] In modulation section 101 having the 

above -de scribed configuration, respective modulators 
402-1 to 402-n modulate signals having different 

25 frequencies with the individual parallel data of the 
transmission data. Combination section 403 combines the 
modulation results and outputs the combined signal to 
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clipping section 102 as a multicarrier signal. 
[0068] Thus, according to this embodiment, when a 
multicarrier signal having a large peak factor is 
transmitted by radio, it is possible to easily realize 
5 a desired peak factor. 

[0069] The transmission data to be processed may be a 
simple symbol string or a code division multiple access 
(CDMA) signal. 
[0070] 
10 (Embodiment 5) 

FIG. 21 is a flow chart illustrating a clipping 
processing operation of a radio transmission apparatus 
according to Embodiment 5 of the present invention. The 
radio transmission apparatus according to this embodiment 
15 has the same basic configuration as the radio transmission 
apparatus explained in Embodiment 1. Therefore, 
detailed explanations of the respective components will 
be omitted . 

[0071] In step ST1000, instantaneous input power P of 
20 one sample of a modulation signal (processing sample) 
is detected. This modulation signal is a time discrete 
(digital) modulation signal. 

[0072] In step ST1010, using threshold Pth, difference 
P-Pth between detected instantaneous input power P and 
25 threshold Pth is calculated. In step ST1020, it is 
decided whether difference P-Pth is positive or negative. 
When difference P-Pth is not positive, the processing 
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flow on this sample ends. On the other hand, when 
difference P-Pth is positive, the process moves to step 
ST1030 . 

[0073] In step ST1030, using calculated clipping 
5 coefficient a, the product of difference P-Pth and 
clipping coefficient a is calculated. In this way, amount 
of power correction Ap which is a suppression level is 
calculated. In step ST1040, correction power P' which 
is the output power from clipping section 102 is calculated 
10 using threshold Pth by subtracting amount of power 
correction Ap from threshold Pth. 

[0074] In step ST1050, a clipping weight is acquired by 
calculating the ratio of correction power P' to 
instantaneous input power P. Next, in step ST1060, the 
15 instantaneous power of the original modulation signal 
is converted to P' by multiplying the processing sample 
by the acquired clipping weight. 

[0075] Clipping coefficient a is adaptively obtained in 
the form of a linear function according to, for example, 

20 the method explained in the above-described embodiment 
so that the input/output power characteristic 
corresponding to the combination of clipping section 102 
and filter section 103 becomes an intended peak factor. 
[0076] Thus, according to this embodiment , by performing 

25 clipping based on optimum clipping coefficient a which 
is adaptively obtained in the form of a linear function, 
it is possible to easily realize a desired peak factor 
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when a modulation signal having a large peak factor is 
transmitted by radio. 

[0077] The present application is based on Japanese 
Patent Application No. 2004-082906 filed on March 22, 
5 2004, the entire content of which is expressly 
incorporated by reference herein. 

Industrial Appl icabil ity 

[0078] The peak power suppressing apparatus and peak 
10 power suppressing method of the present invention have 
an effect of easily realizing a desired peak factor without 
increasing the scale of the apparatus and reducing the 
utilization efficiency of the storage area and is suitable 
for use in suppression of peak power of a multicarrier 
15 signal, for example. 



